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The Littlest Higgs Model with T-parity is one of the attractive candidates of physics
beyond the Standard Model. One of the important predictions of the model is the exis-
tence of new heavy gauge bosons, where they acquire mass terms through the breaking
of global symmetry necessarily imposed on the model. The determination of the masses
are, hence, quite important to test the model. In this paper, the measurement accuracy
of the heavy gauge bosons at the international linear collider (ILC) is reported.
1 Introduction
There are a number of scenarios for new physics beyond the Standard Model. The most
famous one is the supersymmetric scenario. Recently, alternative one called the Little Higgs
scenario has been proposed [1, 2]. In this scenario, the Higgs boson is regarded as a pseudo
Nambu-Goldstone boson associated with a global symmetry at some higher scale. A Z2
symmetry called T-parity is imposed on the models to satisfy constraints from electroweak
precision measurements [3, 4, 5]. Under the parity, new particles are assigned to be T-odd
(i.e. with a T-parity of −1), while the SM particles are T-even. The lightest T-odd particle
is stable and provides a good candidate for dark matter. In this article, we focus on the
Littlest Higgs model with T-parity as a simple and typical example of models implementing
both the Little Higgs mechanism and T-parity.
In order to test the Little Higgs model, precise determinations of properties of Little Higgs
partners are mandatory, because these particles are directly related to the cancellation of
quadratically divergent corrections to the Higgs mass term. In particular, measurements
of heavy gauge boson masses, Little Higgs partners for gauge bosons, are quite important.
Since heavy gauge bosons acquire mass terms through the breaking of the global symmetry,
precise measurements of their masses allow us to determine the most important parameter
of the model, namely the vacuum expectation value of the breaking (f).
We studied the measurement accuracy of masses of the heavy gauge bosons at ILC. In
this article, the status of the study is reported.
2 Representative point and target mode
In order to perform a numerical simulation at ILC, we need to choose a representative point in
the parameter space of the Littlest Higgs model with T-parity. Firstly, the model parameters
should satisfy the current electroweak precision data. We also have satisfy the cosmological
observation of dark matter relics. Thus, we consider not only the electroweak precision
measurements but also the WMAP observation [6] to choose a point in the parameter space.
We have selected a representative point where the Higgs mass and vacuum expectation value
(f) are 134 GeV and 580 GeV, respectively. At the representative point, we have obtained
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√
s e+e− → AHZH e+e− → ZHZH e+e− →W+HW−H
500 GeV 1.31 (fb) — —
1 TeV 6.99 (fb) 99.5 (fb) 233 (fb)
Table 1: Cross sections for the production of heavy gauge bosons at ILC.
ΩDMh
2 of 1.05. The masses of the heavy gauge bosons are (MAH ,MWH ,MZH) = (81.9 GeV,
368 GeV, 369 GeV), where AH, ZH, and WH are the Little Higgs partners of a photon, Z
boson, and W boson, respectively. Here, AH plays the role of dark matter in this model
[7, 8]. Since all the heavy gauge bosons are lighter than 500 GeV, it is possible to generate
them at ILC.
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Figure 1: Diagrams for e+e− →
ZHZH → AHAHbbbb.
There are four processes whose final states consist of
two heavy gauge bosons: e+e− → AHAH, AHZH, ZHZH,
and W+HW
−
H . The first process is undetectable because
AH in the final state is a dark matter. The cross sec-
tions of the other processes are shown in Table 1. We
have studied AHZH at
√
s = 500 GeV and W+HW
−
H at√
s = 1 TeV in the previous study [9]. In this article, we
concentrate on evaluating the measurement accuracy of
ZH and AH by using ZHZH at
√
s = 1 TeV, where ZH de-
cays into AHh with almost 100% branching fractions. We
use ZHZH → AHAHhh → AHAHbbbb as the signal mode.
Feynman diagrams for the signal processes are shown in
Fig. 1.
3 Simulation tools
We use Physsim [10] to generate ZHZH and all the stan-
dard model events, where the initial- and final-state radiation, beamstrahlung, and the beam
energy spread are taken into account. The beam energy spread is set to 0.14% for the elec-
tron beam and 0.07% for the positron beam. The finite crossing angle between the electron
and positron beams was assumed to be 14 mrad.. In Physsim, the helicity amplitudes were
calculated using the HELAS library [11], which allows us to deal with the effect of gauge
boson polarizations properly. Parton showering and hadronization have been carried out by
using PYTHIA6.4 [12], where final-state tau leptons are decayed by TAUOLA [13] in order
to handle their polarizations correctly. The generated Monte Carlo events have been passed
to a detector simulator called JSFQuickSimulator, which implements the GLD geometry
and other detector-performance related parameters [14].
4 Analysis
Since ZHZH → AHAHbbbb is the signal mode in this analysis, all the events are reconstructed
as 4-jet events. Then, two Higgs masses are reconstructed by using the χ2 function defined
as
χ2 =
(MH1 −MH)2
σ2H
+
(MH2 −MH)2
σ2H
, (1)
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ZHZH WWZ ννWW WW tt¯
Xsec (fb) 99.5 63.9 14.7 3,931 192.9
No cut 49,760 31,933 7,336 1,915,475 96,450
χ2 < 80 41,789 8,763 1,785 226,783 65,911
Nb ≥ 2 30,442 1,824 151 6,866 64,906
Acop. > 25 deg. 23,432 612 127 1,022 7,819
Table 2: Cut summary.
where MH1(2) is the reconstructed Higgs mass, MH is the Higgs mass (134 GeV), and σH is
the Higgs mass resolution. Figure 2 shows distributions of the reconstructed Higgs mass for
the signal and background. Since many background events contaminate in the signal region,
we apply the selection cut to obtain the signal significance.
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Figure 2: Distributions of the reconstructed Higgs mass
for the signal (a) and background (b).
At first, we require the χ2 value
below 80 to select the well re-
constructed events. The signal
events have 4 b-jets in the fi-
nal states, whereas the dominant
background, WW , has no b-jet.
For that reason, we apply the b-
tagging to rejectWW background.
The requirement of the b-tagging
is existence of 2 tracks with 3
σ displacement from the interac-
tion point, where σ is the impact
parameter resolution. We select
events with the number of the b-
tagged jets above 1. After the b-tagging, the dominant background becomes tt¯. We in-
vestigated the acoplanarity (pi − φ), where φ is the angle between two reconstructed Higgs
candidates in the plane perpendicular to the beam axis. Since the signal has large missing
momentum due to AH, the acoplanarity becomes large, comparing to tt¯. We, therefore,
select the acoplanarity above 25 degrees. The number of the events at each selection cut is
summarized in Table 2.
The masses of AH and ZH bosons can be extracted from the edges of the distribution of
the reconstructed Higgs boson energies. This is because the maximum and minimum Higgs
boson energies (Emax and Emin) are written in terms of these masses,
Emax = γZHE
∗
h + βZHγZHp
∗
h,
Emin = γZHE
∗
h − βZHγZHp∗h, (2)
where βZH(γZH) is the β(γ) factor of the ZH boson in the laboratory frame, while E
∗
h
(p∗
h
) is
the energy (momentum) of the Higgs boson in the rest frame of the ZH boson. Note that
E∗
h
is given as (M2
ZH
+M2
h
−M2
AH
)/(2MZH).
Figure 3(a) shows the energy distribution of the reconstructed Higgs bosons with re-
maining backgrounds. The background events are subtracted from Fig. 3(a), assuming that
the background distribution can be understand completely. Then, the endpoints, Emax and
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Emin, have been estimated by fitting the distribution with a line shape determined by a
high statistics signal sample. The fit resulted in mAH and mZH to be 82.0 ± 3.5 GeV and
367.2±3.5 GeV, respectively, which should be compared to their true values: 81.85 GeV and
368.2 GeV. From this result, the masses of AH and ZH can be determined with accuracies
of 4.8% and 0.9%, respectively.
5 Summary
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Figure 3: (a)Energy distribution of the reconstructed
Higgs bosons with remaining backgrounds after the
selection cuts. (b) Energy distribution of the Higgs
bosons after subtracting the backgrounds. The distri-
bution is fitted by a line shape function determined with
a high statistics signal sample.
The Littlest Higgs Model with
T-parity is one of the attractive
candidates of physics beyond the
Standard Model since it solves
both the little hierarchy and dark
matter problems simultaneously.
One of the important predictions
of the model is the existence of
new heavy gauge bosons, where
they acquire mass terms through
the breaking of global symmetry
necessarily imposed on the model.
The determination of the masses
are, hence, quite important to test
the model.
We have performed Monte
Carlo simulations in order to esti-
mate measurement accuracy of the
masses of the heavy gauge bosons,
AH and ZH, at ILC with
√
s = 1 TeV. After the selection cuts, we extract the masses of
AH and ZH, fitting the energy distribution of Higgs bosons. The masses of AH and ZH can
be determined with accuracies of 4.8% and 0.9%, respectively. In the previous study, the
measurement accuracy of AH mass was 1.4% by using W
+
HW
−
H at
√
s = 1 TeV. By the
simultaneous fitting with W+HW
−
H and ZHZH, we will obtain better mass resolution for AH.
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